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2.1 , $z$ , $r$ . $\rho,$ $\mu,$ $\sigma$
, , . $r=r+’ r_{-}(r+>r_{-})$ $\mathrm{V}\mathrm{a}\text{ }$ , $rb$
$R=(r_{+}+r_{-})/2$ , $b=r_{+}-r_{-}$ , $p+$ } $p$- . }
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$(Z_{\}}?.)$ $(u, v)$ , $p$ . , ( )




,r- $<r<r_{+}$ . ,
$\frac{\partial u}{\partial z}+\frac{1}{r}\frac{\partial(r\cdot v)}{\partial r}=0$ , (2.1)
,
(2.2)$\rho(\frac{\partial v}{\partial t}+v..\frac{\partial v}{\partial r}+u\frac{\partial v}{\partial_{\tilde{\wedge}}})=-\frac{\partial p}{\partial r}+\mu\{\frac{\partial}{\partial r}[\frac{1}{r}\frac{\partial(rv)}{\partial r}]+\cdot\frac{\partial\cdot v}{\partial z^{d}}\underline’,\}$ .
(2.3)$\rho(\frac{\partial u}{\partial t}+v\frac{\partial\prime u}{\partial r}+u\frac{\partial u}{\partial z})=-\frac{\partial p}{\partial z}+\mu[\frac{1}{r}\frac{\partial}{\partial r}(r\frac{\partial u}{\partial r})+\frac{\partial^{2}u}{\partial_{\sim}^{2}\vee}]$ :
(2.5)
.
, $r=r\pm$ . ,
$v= \frac{\partial?\cdot\pm}{\partial t}+u\frac{\partial r\pm}{\partial z}$, (2.4)
,
$p \pm=p_{0\pm}\pm\sigma\{\frac{1}{r\pm[1+(_{z}\frac{\partial t}{\acute{\mathrm{d}}}\pm)^{7}\sim]\neq}.-\frac{(^{\mathrm{r}}\frac{\partial^{2}}{\partial}i^{2}\pm)}{[1+(\frac{\partial t\pm}{\partial z})^{2}]\grave{\sim}\mathrm{a}}.\}$
$+ \frac{2\mu}{1+(\frac{\theta t\pm}{\partial z})^{2}}\{[(\frac{\partial r\pm}{\partial z})^{2}\frac{\partial u}{\partial z}+\frac{\partial \mathrm{e}}{\partial r},]-\frac{\partial r\pm}{\partial z}(\frac{\partial v}{\partial_{\sim}},$ $+ \frac{\partial u}{\partial r})\}$ ,
$2 \frac{\partial r\pm}{\partial z}(\frac{\partial v}{\partial r}-\frac{\partial u}{\partial z})+[1-(\frac{\partial_{\mathit{7}\pm}}{\partial z}.)^{2}](\frac{\partial v}{\partial\sim\vee}+\frac{\partial u}{\partial r})=0$, (.2.6)
. ,$p0+$ $(r>r+)$ , $p_{0-}$ $(r<r_{-})$ .
$p+$ $(r=r+=R+ \frac{b}{2})$ , $p_{-}$ $(r=r_{-}=R- \frac{b}{2})$ .
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2.2
, $\cdot$u. $\cdot$U, $p$ $(r-R)$






$+\cdot$ . .’ (.2.8)
$p$ $=$ $P0+P1$ $(_{\mathfrak{l}}\cdot-R)+p_{2}(r-R)^{\mathrm{o}}$
.
$+\cdots$ . (2.9)
(2.7)\sim (2.9) , $(r-R)$ :
$. \frac{\partial b}{\alpha}$ $=$ $-u_{0}. \cdot\frac{\partial b}{\partial\vee\sim}$
.
$-b \frac{\partial\cdot u_{0}}{\partial\sim\vee}-v_{0}\frac{b}{R}$ , (2.10)
$\frac{\partial R}{\partial t}$ $=$ $.v_{0}- \cdot\iota\iota_{0}..\frac{\partial R}{\partial\sim\sim}$
. $\cdot$ (2.11)
(2.12)
$\frac{\partial \mathrm{c}\iota_{0}}{\partial t}$ $=$ $-u_{0}. \frac{\partial u_{0}}{\partial\prime/\sim}-\frac{1}{\rho}(\frac{\partial p_{0}}{\partial\sim\sim}.-p_{1}\frac{\partial R}{\partial_{\sim}},$$)$
$+ \frac{\mu}{\rho}\{\frac{\partial\cdot u_{0}}{\partial_{\sim^{2}}^{\gamma}},+2u_{d}’-2\frac{\partial R}{\partial z}\frac{\partial u_{1}}{\partial z}+u_{1}(\frac{1}{R}-\frac{\partial^{\underline{?}}R}{\partial_{\sim}^{2}},)\}$ ,
(2.13)
$\frac{\partial \mathrm{t}_{0}’}{\partial t}$
$=$ $- \cdot u_{0}\frac{\partial v_{0}}{\partial\sim\sim}-\frac{p_{1}}{\rho}$
$+ \frac{\mu}{\rho}\{-\frac{v_{0}}{R}.’+\frac{\partial^{\underline{9}}v_{0}}{\partial_{Z’}^{?}}+2v_{2}-2\frac{\partial R}{\partial_{\sim}^{\gamma}}\frac{\partial v_{1}}{\partial z}+\cdot v_{1}(\frac{1}{R}-\cdot\frac{\partial^{\sim}R}{\partial_{\sim^{\nu^{2}}}},)\}$ .
,
$p0=P+2\mu(1+R_{\mathit{2}}^{2})^{-1}$ [ $R_{\dot{k}}^{\eta}\sim 1.u_{0_{\wedge}}\sim$. $-u_{1}R_{z})+v1-R_{z}(\cdot v_{0z}-v_{1}R_{z}+$ u1)],
$bp_{1}= \Delta P+4\mu(1+R\frac{}{z},)-1[R_{\approx}.’(\cdot u_{1z}.2u_{arrow}’ R_{z})b/2+bv\underline’-R_{z}(v_{1z}-2v_{\sim}’ R_{\approx})b/2-R_{z}bu_{2}]$,
$P=(p_{0+}+p_{0-})/2+(\sigma/2)(R^{\underline{9}}-b^{2}/4)^{-1}[(f_{+}-f_{-})R-(f_{+}-f_{-})b/2]-(\sigma/2.)[(f_{+}^{3}+f^{33})R_{zz}+(f+\mathrm{s}+f^{\mathrm{S}\mathrm{S}}.)b_{z},/2]$,
$\Delta P=p_{0+}-p_{0-}+\sigma(R^{2}-b^{2}/4)^{-1}[(f_{+}-f_{-})R-(.f_{+}-f_{-})b/2]-\sigma$ [$(f_{+}^{3}+f_{-}^{3})R_{\sim},z+(f+3-$ f-3)b$z../2$],
f\pm = $[$ l+R\sim \pm Rzb $+(b_{z}^{2})/4]^{-1/2}$ ,
,
$u_{1}=(1+R_{\approx}^{\sim’}.)^{-2}$ [$(.3+R_{\sim}^{2},)R_{\dot{p}}u_{0z}-$ (1-R$\overline{z}’)v_{0z}+(1+R_{\dot{\mathrm{r}}}^{2})R_{\sim},v\mathrm{o}/R$],
$v_{1}=-(1+R_{\tilde{z}}^{2})^{-2}$ [$(1-Rz)?’ \mathit{0}z+(1$ -Rz’-)R $v_{0z}+(1+R_{\tilde{z}}’)v\mathrm{o}/R$]
$\}$
$u\underline’=(1+R.\cdot’,)^{-2}$ { $(u_{0z}+Rzv_{0z})(\ln b)_{z}-$ (1/2)R$z(1+R_{\approx}^{2})v_{0}/R^{2}+(1/2)R_{z}(3+R \frac{\eta}{z})u_{1P_{d}}-(1/2)(1-R_{\tilde{z}}’)v_{1z}$
$(1+R_{z}^{2}.)[R_{\sim},/2R-(\ln b)_{z}]v$1},
$v2=(1+R_{\tilde{z}}’)^{-}\underline’\{R_{z}(u_{0z}+R_{z}v_{0z})(\ln b)_{z}+$ (1/2)(1 $+$ R2)v0/R2- $($ 1/2$.)(1-R\mathrm{D}u_{1z}-(1/2)(1-R’)v_{1z}$
$–$ ( $1+$ R2)[Rz $(\ln b.)_{z}+$ (1/2R)].$v$ 1}.
, 2 $z$ .




$b=\overline{b},$ $R=\overline{R},$ $u0=v_{0}^{-}.,$ $v0=0$ ( $\overline{b},\overline{R},$ $\cdot\iota\overline{\iota}_{0}=C^{\cdot}\mathit{0}7$lSt.) ,
$(p0+-p0-)$ ’
$p_{\mathrm{I}\mathrm{J}+}-p_{0-}=- \cdot,\frac{2\sigma\overline{R}}{\overline{R}\sim-\frac{\overline{b}^{\underline{\mathrm{Q}}}}{4}}$ , (3.1)
.
$k$ , $\omega$ :
$\tilde{b}=\hat{b}e$ i(.kz- $\omega$ f), $\tilde{R}=$ 1’ie $i\mathfrak{l}$.kz $-\{AJ$ t), $\tilde{\iota\iota}0=\dot{u}0e^{i(1}’,\tilde{v}0=\cdot v_{0}e^{i(kz-\mathrm{t}_{k’}t)}k_{\wedge}-\alpha t$) . (3.2)
(3.2) (2.10)\sim (2.13) , 2 ,
:
$( \omega^{*}-k^{*}u_{0}^{*})^{4}+\frac{1}{Re}4(k^{*2}+i).i(\omega^{*}-k^{*}u_{0}^{*})^{3}-(\frac{1}{Re})^{2}127,*2(\omega^{*}-k*u0*)2$
$+ \frac{1}{We}\{(\frac{b^{*}k^{*?_{d}}}{2}+\frac{2}{b^{*}})[\frac{1+\frac{b2}{4}}{(1-\frac{b^{5-}}{4})^{2}}..-$ k $*^{\underline{0}}]+ \frac{b^{*}}{(1-\frac{b^{\mathrm{s}^{\underline{\urcorner}}}}{4})}.\underline,$ \}(\omega^{*}-ru0*)0$.
$+ \frac{1}{Re}\frac{1}{We}k\cdot\sim$
’
$(b^{*}+$ j$*$ ) $[ \frac{1+\frac{b^{*}}{4}}{(1-\frac{b^{*2}}{4})^{2}}-k^{*2}]i(\omega^{*}-k^{*}u_{0}^{*})$
$+( \frac{1}{\mathrm{M}^{\gamma}e})^{2}k^{*2}[k^{*2}-\frac{1}{(1+\frac{b}{\dot{4}})^{arrow 0}}.][k^{*2}.-\frac{1}{(1-\frac{b^{*}}{2})^{2}}]$ $=0$ . (3.3)
, $v_{\mathrm{p}}=\sqrt{2\sigma/\rho b}$ , $\overline{R}$ , $k=\rho\overline{R}\cdot v_{p}/\mu,$ $We=\rho\overline{R}v_{\mathrm{p}}^{2}/\sigma$ ,
$k^{*}=\overline{R}h,$ $\omega^{*}=\overline{R}\omega/\cdot v_{p},$ $\mathrm{u}_{0}^{*}=\tau\overline{\iota}_{0}/v_{p},$ $b^{*}=\overline{b}/R$
-
${ }$ . , $.u_{0}^{*}=0$
. (.3.3) 2 ( )
, $b^{*}\ll 1$ [6], .
3.1
, $k^{*}$ $\omega^{*}$ .
(3.2) H $\omega^{*}$ $\omega^{*}=\omega_{R}+i\omega t$ ,
$e^{i}$ ( $k2-\omega 0=e^{\omega_{t}t}e^{i(kz-\omega_{R}t\rangle}$ , (3.4)
, $e^{\omega_{t}\mathrm{t}}$ . , $k^{*}$ $\omega^{*}$ $Im(\omega^{*})=$
$\omega I$ . $k^{*}$ , $Im(\omega^{*})$
. .
3.1 , 2 . ,
, , , . ,
,
. , ( ) , $k^{*}$
.
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$-.\cdot.-\mathrm{L}/\backslash \backslash \backslash \backslash /$ –
$.-\wedge..00.\mathrm{s}\mathfrak{o}${’ $. \backslash -\sim\backslash ’.\cdot\bigwedge_{\backslash }\backslash \backslash$
-1.$.’.5$ $\backslash \backslash \backslash \backslash \backslash \backslash$
$.\mathrm{z}_{0}$
$0\delta$
’ ’1 $’\iota^{\mathrm{J}}1.\cdot$ $2|$ $2\mathrm{J}$ 3 .20 $0\delta 1$ $11$ $\prime sk1$. $21$ $2\mathrm{B}$ $\mathrm{a}$ 0 0 ’ $\prime \mathrm{s}t$.
(a) $=\infty$ (b) $=100$ $($. $\mathrm{c})\text{ }=10$
3 $(\mathrm{a})fk=0(\mathrm{b})Re=100$ (c) $lk=10$
4 ( )
, .
, , $b^{*}=0.1$ . ,
$R=1+\eta \mathrm{c}$os $kz$ , $u,v,b$ . ,
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, $t=0$ $(u, \cdot\iota\})$
.
(1)‘ ’ ( , )
4.2 . , 4.8 $=\infty$ , 4.9 $\text{ }=2$




















. ...... .. $\cdot$ . $\cdot$ . $\cdot$.. $\cdot$
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(2)‘ ’ ( , )
, 4.6 . , 4.10 $\text{ }=\infty$ , 4.11 $\text{ }=2$
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